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Introduction

Decomposing the spin of the proton w/ parton picture
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Revealing to be small (RHIC)

(“The spin crisis”)

Needs more precision (SIDIS)

Looking into the detail of quark flavor...
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Probing sea quark via W*=— £ *

Longitudinally polarized p+p at Vs = 500 (510) GeV at RHIC

Single Spin Asymmetry of W production
via parity violating weak coupling
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is a flavor-sensitive probe to sea quark polarization. do(p=p — W) x ui (z1)dr(z2) + dg” (z1)u(z2)
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Lepton

= Various rapidity regions covered.
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RHIC

'I
:\'\:‘
] \
‘- -\(

PHENIX ~__ = Polarized proton runs

Booster = 12 rotb pestor — 100 GeV
o S 2 - =8 .‘.~—-- -----------
Acceler“ator B | = 250 GeV
- |
z 120 p—t— |
=
= :
E 100 ' 3 2011 P=48%
E
< 80 '
£ 2012 [P =358%
= :
Tandem_to_ (' x\_‘“_—_. .§ 60 F _ 2009 P=34% 2000 P =56%
Booster line “ | s
z a | + 2006 P=55%
o | 2008 P =44%
- ' !
2 HEL s BB TR DRI BRSRR  < LESSSONIT SINOIEERN] U e REATPStl ST el
2 =) 2, 2005 P=47%
L 7 : 2003 P=34%
0 - 1 1 L 1 1
0 2 4 6 8 10 12 14 16 18

Weeks in physics

20

Hideyuki Oide Sep 18, 2012 (Tue) SPIN 2012, Dubna



RHIC
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PHENIX Muon Arms
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PHENIX Muon Arms
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PHENIX Muon Arms

RPC3

N
“‘ 06

ZDC South

South Side View North
18.5m= 60 ft

MulD MulD

-

Hideyuki Oide Sep 18, 2012 (Tue) SPIN 2012, Dubna



PHENIX Muon Arms

ZDC South

RPC3

Central Magnet

ZDC North

MulD

MulD

Wx—pu+ measurement

Muon Arm: -2.2 < eta < -1.2 (South)
1.2 <eta<2.4 (North)

South Side \
< Trigger: Small sagitta + muon ID

-

18.5m + timing (RPC/BBC)

Detectors: MuTr, MulD, RPC, BBC
Cut: well-qualified high pT single muon
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Muon Trigger System

- BBC trigger: “minimum-bias collision” + timing w/ Cerenkov counters
- MulD trigger: conventional, requires “deep” hit pattern for muons in MulD
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Muon Trigger System

- BBC trigger: “minimum-bias collision” + timing w/ Cerenkov counters
- MulD trigger: conventional, requires “deep” hit pattern for muons in MulD
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Muon Trigger System

- BBC trigger: “minimum-bias collision” + timing w/ Cerenkov counters

- MulD trigger: conventional, requires “deep” hit pattern for muons in MulD
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Muon Trigger System

- BBC trigger: “minimum-bias collision” + timing w/ Cerenkov counters
- MulD trigger: conventional, requires “deep” hit pattern for muons in MulD
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Muon Trigger System

- BBC trigger:
- MulD trigger:

Events/(1 GeV/c)

Threshold with MulD
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Muon Trigger System

- BBC trigger: “minimum-bias collision” + timing w/ Cerenkov counters

- MulD trigger: conventional, requires “deep” hit pattern for muons in MulD

- Mutrg & RPC: snatch online hit patterns in MuTr/RPC = compare with sagitta trigger maps
Year 2011: MuTr only (“SG1”), Year 2012: MuTr + RPC3 (“SG1 x RPC3”)
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Muon Trigger System

- BBC trigger: “minimum-bias collision” + timing w/ Cerenkov counters

- MulD trigger: conventional, requires “deep” hit pattern for muons in MulD
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Muon Trigger System

- BBC trigger:
- MulD trigger:

“minimum-bias collision” + timing w/ Cerenkov counters
conventional, requires “deep” hit pattern for muons in MulD

- Mutrg & RPC: snatch online hit patterns in MuTr/RPC = compare with sagitta trigger maps
Year 2011: MuTr only (“SG1”), Year 2012: MuTr + RPC3 (“SG1 x RPC3”)
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Muon Trigger System

- BBC trigger:
- MulD trigger:

“minimum-bias collision” + timing w/ Cerenkov counters
conventional, requires “deep” hit pattern for muons in MulD

- Mutrg & RPC: snatch online hit patterns in MuTr/RPC = compare with sagitta trigger maps
Year 2011: MuTr only (“SG1”), Year 2012: MuTr + RPC3 (“SG1 x RPC3”)
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Trigger performances (Mutrg)

Efficiency
- N

oIII|III|III|III|III|III

0.8

0.6

0.4

0.2

-
o
N

'y

0.98

0.96

0.94

0.92

SG1 Trigger efficiency

o
©

0.88

0.86

0.84

0.82

0.8. =

North Arm

Eff. at plateau 0.916 = 0.0028

Turn-on Mean 7.68 = 0.50

Turn-on Sigma 2.93 + 0.30
| | | | | | | | | | | | | | | | | | | |
10 20 30 40 50

Track Momentum (GeV/c)

South Arm

—
o
N

—@— MulD1D Trigger Data

- - Mutrg Simulator

SG1 Trigger efficiency

0.9

.6I I I1.8I I 2 I I2.2I I I2.4I I I2.6I
abs(eta)

I T
8 1 12 14 1

North Arm
:_ —@— MulD1D Trigger Data
:_ - - Mutrg Simulator
-
- R l
[ \
o \
_IIII||||||||IIIII||||||||||IIIIIIII|I
.8 1 12 14 16 18 2 22 24 26

abs(eta)

Turn-on curve

Plateau efficiency

Hideyuki Oide

Sep 18, 2012 (Tue) SPIN 2012, Dubna



Forward Muon Analysis
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Signal: high pT single muon

Backgrounds:
- Heavy flavor, onium (true muon, irreducible)
- “Fake high pT” caused by decayed hadrons

Tight cuts are applied for “consistency of true high pT muon”.

- small multiple scattering : MuTr/MulD/RPC matching
- vertex requirement : Track/vertex(BBC) matching
- timing : RPC

K*/ =
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Forward Muon Analysis
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Backgrounds:
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Tight cuts are applied for “consistency of true high pT muon”.

- small multiple scattering : MuTr/MulD/RPC matching
- vertex requirement : Track/vertex(BBC) matching
- timing : RPC
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Forward Muon Analysis
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Momentum resolution (smearing)

Momentum resolution for cosmic muons
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Validation of Cut variables

Counts in Data
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Single Muon Spectrum

Single muon candidates cross section at tightest cut level
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First W—mu single spin asymmetry (preliminary)

Preliminary approved in March 201 2.
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First forward W asymmetry result
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Status quo, and near future

B Finalization of the analysis of the first W—u data in 2011 is ongoing.

B Took about ~50 pb-! in 2012 with improved trigger with RPC.
B Inclusion of VTX/FVTX detectors: better understanding / rejection of BG expected.

M Big data (~250 pb') will come up in 2013 with full detector ready.
Now proposed for the beam use.

Year 2011 2012 2013
uminosity. | IvEx|<30cm -16 30 2507
(pb) Full vix 25 49 3507
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Summary

Expected single spin asymmetry in W—u at 300 pb-!

| W* -+, 300 pb", 55 Polarization, S/BG 1.00 |

@ The first preliminary result of forward arm < %
W—u single spin asymmetry oz v
Ozlt{:v—————f’%rgt;
B In 2012 run /s = 510 GeV run ended successfully. ¢ J
® Operation of new muon trigger with RPC3. 08 TV SN T VY
® Taking data with VTX, FVTX, and RPCI1. I "
< 08
® |In 2013, an integrated luminosity of 250 pb-] o
in |vtx| < 30 cm is anticipated with full upgraded i
hardware set ready. 02}
oal

-0.6{F
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| W* -+, 300 pb", 55 Polarization, S/BG 1.00 |

@ The first preliminary result of forward arm < %
W—u single spin asymmetry oz v
Ozlt{:v—————f’%rgt;
B In 2012 run /s = 510 GeV run ended successfully. ¢ J
® Operation of new muon trigger with RPC3. 08 TV SN T VY
® Taking data with VTX, FVTX, and RPCI1. I "
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in |vtx| < 30 cm is anticipated with full upgraded i
hardware set ready. 02}
oal

-0.6{F

(Cnacado!
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Backup




Run9 W—e Result in Central Arm

Run9 /s = 500 GeV integrated luminosity: 8.6 pb-! in |vtxz| < 30 cm (ERT 4x4b trigger)

= \"\‘ Positron candidates
5 2[R Xy Before Isolation Cut e |
E 10 Esy L - - - - After Isolation Cut
~N E N
g8 10 = AS
(/)] =
= C
g -
T E il
N
._g Electron candidates
> 102\ N /] Estimated BG before Isolation Cut
f?, = Estimated BG after Isolation Cut
: e
P
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3 1
o %
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PHENIX Collaboration PRL106.062001
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10* & Theory: FEWZ and MSTW08 NLO PDFs
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g r o B
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s b P P ® STAR X UA1
010 W A Phenix  * UA2
= [ PP ‘ v ATLAS ¢ CDF
Y F ; %«— = CMS + DO
- ppoW

10 . N
S10°
o -
O
*}_102 E_
N
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o |
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© =
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STAR Collaboration arXiv:1112.2980v1

Single Spin Asymmetry Result (pt > 30 GeV/c)

_ 70

70

—0.86 [~1,—0.56
+0.88 [+0.17,+1]
([]: 68%C.L.)
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http://arxiv.org/abs/1112.2980v1

Forward Muon Trigger Upgrade

Events/(1 GeV/c)

Threshold with MulD

\4

Threshold with Mutrg

v

H‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH

PYTHIA =
H W boson —=
v/Z. boson ]

Bottom =
Charm 7

——=
_

O
A
[
\ f 500 GeV |
[Ldt =2t =

pey
» d
|

S 10 15 20 25 30 35 40 45

p(GeV/c)

Motivation of PHENIX forward upgrade project:

Due to limited trigger bandwidth, the original muon trigger
“MulD” is short to acquire all W collisions without pre-scaling.
==> Needs a high momentum trigger.

[ Strategy ]

] . Discriminates muon momentum using sagitta

(Mutrg: parasitic trigger electronics inside MuTr + RPC)
==> Trigger pt > 4 GeV/c

2. For ID of spin pattern / bunch crossing at high collision

rate, beam beam counter (BBC) is not tolerable.
==> Introduce resistive plate chambers (RPC)

3. Introduce additional hadron absorbers to reject hadronic

backgrounds.

4. FVTX detector will work for increasing analysis power.

Hideyuki Oide
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PHENIX Forward Upgrade Program

2009, 2010 gt

\ RPC3 7t
DAC Control &2 =
B Parallel Output Station3 .*
/
SS Station2 L]I '
s Astrip
Mutrg ’ | |
!
Stationl

12009,°2010

. ™, | RPC3
. \

ZDC North
1

MulD
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Muon Arm Upgrade History

Year
Run Status

pp Run

'---------------‘

2002 oA,

MuTrg install/commissioning operation / Physics Trigger
S install j
RPC3 operation op.eratloon /
FWD N install | commissioning : Physics Trigger
RPC1 1 install | comm./operation
FVTX : install | comm./operation
HBD |operation Iremoved
CNT
VTX install : comm. operation
W->mu TRG (MuIDxBBC -- prescaled) SG1xMulDxBBC | SG1xRPC3xBBC
Luminosity
| vix 1< 30 cm 5.6 ) 16 30
Vs (GeV) 500 - 500 510

B B N N N N N N NN EEEm

Details of upgrades are spoken
on Sep 20, S1-V 16:20 by F. Giordano
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Run12 Muon Arm performances

Run12 /s =510 GeV Iumlnosrcy hlstory Trigger Rejection Power

= North+South W-Trigger Rejection Power
2 B | wide vertex - 49.56 pb” = | 99 j
s 1 22000
% a0 - 30 o Venex " 30 03 pb_1 = @ Run11 SG1xMUIDxBBC(AND2_97)
e 1 I 15 cm vertex - 14.81 pb 7] a 20000 = ...
é - . q;’ - ° Run12 SG1xRPC3xBBC w/ RPC Timing Cut
- -
3 osf- - B 18000 ® g PEE——
D L
g o . 5 8 e S .
z 20— =] ?_.). 14000 :_ ..................................................................................................................................................
o . [ -
— oc e
15[ : 12000
~ - 10000 :_ ..................................................................................................................................................
10 = = 8000
5 :_ _: 6000
- . 4000
&7 03124 03/31 04/07 04/14 2000
Days Slnce 3I'18/12 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4
Runl?2 W_>|J trlgger perfO rmance BBCLL1(>0 tubes) novertex Rate [MHz]

Basic cut w/ DCAr = 3 & RpcDCA = 10

SG1+RPC3 South

14 2 I ndf 26.75/ 42
- Prob 0.9676
C p0 0.7203 + 0.01786
12— p1 0.4226 + 0.02454
- p2 6. 171 + 0.09556
11— pesesceccacsec - == == = - - = - = o
08 :— i f Tl
: lHH HH
0.6 —
— L 2] HH HH -
0.4 :—
02
0 _ L I 1 L ] 1 1 I 1 L L 1
0 20 25 30
P[GeV]
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Prospects of RPC1 for Run13 Muon Trigger

Trigger SG&RPC3&BBC.:
Trigger SGA&RPC3:
N 03/19 reduced RPC3 LL1 time window to (12;28) 129 runs
03/18 start Run12 pp510 . 03/30 4 runs with RPC1 included 4 runs
‘ 9runs ] 04/07 reduced RPC3 LL1 time window to (19;26) 72 runs
04/13 shifted RPC3 timing, window (14;21
+ 03/19 reduced RPC3 LL1 time window to (12;28) 1/ ruUNs = 045 : r'u:s with up:;::: :;2::c{|uded) ?33r[|L:1rs\,s
[ gu:_é ..... B REEN T f e e . . .
e UE SOUt _"l"ﬂl RPC1 Including RPC1 in W trigger on south @
80 ;_ ........................................... . SN ERO P - ........................................................................................ ZMHZ BBC novtx:
70F-
auz—é - conservative rejection gain (considering
= purple boxes only): e e m = = = = = —— I
50—
3 L82000/36500 2.3 |
40 :— _________
30 i— - optimistic rejection gain (considering purple
2uf—§ and green boxes): I —
105—5 I82000/27000 3.0 |
: | . he . e me " "y g g EEEEEEE———
1

BBC (novtx) [MHz]

We can expect factor 2~3 rejection power increase
with including RPC1 to the muon trigger in Run13+.
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Operational of FVTX detector in Run12

i—g‘--'.m’ .
1 { BSh" 'g) {4 /"

i Expected to improve analysis power by
i - Precise vertex determination

! - Better Tracking ;

FVTX-MuTr Match, dx

. — Yl ndf 7229730
E L g - Constant 14612 7.2
UZ ()0 ~g 160 |- Mean -0447=0.129
o o - Sigma ((3.826 0.137
St S oF. South (826>
o 1 + " ,,'* ﬁ . S .

R ool TR ~ 120

- k2 °"# + x -

>< L ++ T ¢ N + F :

I; - L > 100 |-

Loe o v N b -

rf e 80|
| + + ol B 0] _" -1id + -
L 3’% .,jsl’ '
R - ﬂ Gap for vertex underneath FVTX, 60—
-100p- W +x' " FVTX can tracking to either side -
:- + 3 & 4 +’+A§ + - 40 L
L “n“ , -
200 X°<3 20f-
R YRR FETRS FEERY FRRTE FRRRE FETTY FANRE FRRRS FPPY T . o p—— . i 15 o0 Loy e seaaliaas = W
200 <150 <100 -50 0 50 100 150 200 40 -30 -20 10 0 10 20 30 40
BBC zOreco(cm) BBC zOreco(cm) dx (cm)
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